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FOREWORD 

The NASA's first step toward manned space flight was the Mercury 
program, which was concluded in 1963. The program demonstrated that a 
manned spacecraft could orbit the earth, reenter, and land safely. It 
also provided man's first experience in extravehicular activity. The 
Gemini Program, which ended in 1966, showed that man could effectively 
operate for up to two weeks in the space environment and provided expe- 
rience in maneuvering, rendezvous, and docking. In the early 1960's~ 
the United States adopted a national goal of landing a man on the moon 
and returning him safely to earth before the decade was out. At that 
time, the already existing Apollo Program was shifted from a circumlunar 
expedition to a lunar landing endeavor. 

The Apollo Applications Program is NASA's next significant phase in 
the development of future manned space flight programs. The Apollo 
Applications Program is designed to investigate man's role in longer 
term space exploration and to effectively exploit space to meet man's 
needs on earth. The program is built upon flight experience, ground 
facilities, and trained manpower developed in the Mercury, Gemini, and 
Apollo programs. Maximum economy is achieved through the use, modifica- 
tion, and expansion of present Apollo system capabilities. The basic 
objectives of the Apollo Applications Program are : 

1. Long-duration space flight for up to 2 months 

2. Scientific investigations in earth orbit 

3. Applications in earth orbit 

4. Effective approach to development of future manned space-flight 
programs 
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SUMMARY 

During t h e  t h i r d  quar te r  of calendar year  1968, a new system of 
work planning and assignment of r e s p o n s i b i l i t y  w a s  i n i t i a t e d .  The system 
cons i s t s  of contractual-type agreements, or work packages, which specif'y 
work performed, products de l ivered ,  and resources u t i l i z e d  between Cen- 
ter  organizat ions.  Payload overweight was a major problem during t h e  
quar te r .  Mission AAP-l/AAP-2 had s i g n i f i c a n t  changes base l i n e d  i n t o  
the  f l i g h t  p r o f i l e s  as a r e s u l t  of t he  problem. The most s i g n i f i c a n t  
event during t h e  quar te r  w a s  t h e  f i n a l  authorizat ion for  t h e  t r a n s f e r  
of management r e s p o n s i b i l i t i e s  fo r  t h e  a i r lock  and lunar  modules from 
the  Manned Spacecraft  Center t o  Marshall Space F l ight  Center. The a c t u a l  
t r a n s f e r  of s p e c i f i c  r e s p o n s i b i l i t i e s  w i l l  not be implemented u n t i l  a f t e r  
t he  beginning of t h e  fourth quar te r .  

The qua r t e r ' s  a c t i v i t i e s  a r e  discussed under s ix  top ic s :  Management 
A c t i v i t i e s ,  Contracts ,  Mission Planning, Experiments, Systems, and Engi- 
neering and Operational Support. Management a c t i v i t i e s  were l a rge ly  in-  
volved i n  preparat ion of t he  work packages. Contractual a c t i v i t i e s  were 
typ ica l ly  involved i n  cost  and schedule summaries, review of cont rac tor  
documentation, and preparat ion f o r  milestone hardware reviews. Mission 
planning e f f o r t s  were concentrated on base l i n i n g  changes i n t o  t h e  
AAP-l/AAP-2 f l i g h t  p r o f i l e s .  
i n  t e s t i n g  of experimental hardware and f e a s i b i l i t y  s tud ie s .  Systems 
e f f o r t s  were t y p i c a l l y  involved i n  operation t e s t i n g  of harqware, f eas i -  
b i l i t y  s t u d i e s ,  and systems in t eg ra t ion .  Engineering a;nd operat ional  
support a c t i v i t i e s  were general ly  involved i n  e s t ab l i sh ing  operat ional  
base l i n e s .  

Experiments efforts were t y p i c a l l y  involved 
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MANAGEMENT ACTIVITIES 

The most s ign i f i can t  management a c t i v i t y  during the  t h i r d  quar te r  
w a s  i n i t i a t i o n  of t he  Manned Spacecraft  Center (MSC) work package man- 
agement system on Ju ly  1. The system w a s  es tab l i shed  by C e  
t o  encompass a l l  work done a t  MSC i n t o  contractual-type agr 
would cover work performed, products t o  be de l ivered ,  and resources t o  
be u t i l i z e d .  The agreements provide a method fo r  c l e a r  assignment of 
r e spons ib i l i t y  and f o r  work planning. Quar te r ly  s ta tus  r epor t s  on the  
work packages w i l l  provide an information system t o  a l l  l e v e l s  of Center 

n both pas t  and projected u t i l i z a t i o n  of Center resources.  

Each Center program developed separate  funct ional  work packages f o r  
the  t a sks  being performed i n  support of a program or when the  work of a 
s ing le  organizat ional  element w a s  s i g n i f i c a n t l y  d i f f e ren t  i n  objec t ives ,  
products,  or  t iming from any other  t a s k  being performed. Each work area  
w a s  assigned an iden t i fy ing  three-digi t  work code. Additional d i g i t s  
were assigned t o  iden t i fy  the  various p a r t s  of the  work s t r u c t u r e  within 
t h e  work area. 

Because of t he  diverse  functions performed within MSC,  a standard 
work package format w a s  considered impract ical .  Only the  form used fo r  
t he  cover sheet  i s  uniform. It provides information for i d e n t i f i c a t i o n ,  
au thor iza t ion ,  and content.  The content i s  divided i n t o  scope of work, 
performance c h a r a c t e r i s t i c s ,  and resource a l loca t ion .  These top ic s  and 
t h e i r  subdivis ions,  which are shown on the  cover page, i den t i fy  and 
suggest items which may be documented and agreed t o  by both performing 
and sponsoring organizat ions.  The performer l i s t e d  on the  cover page 
i s  d i r e c t l y  responsible  f o r  t he  d e t a i l s  of t h e  work package and f o r  
maintaining current  s t a t u s .  

The i n t e r n a l  Apollo Applikations Program (AAP) work package e f f o r t  
w a s  defined i n  terms of i t s  object ives  and products. This d iv i s ion  
necess i ta ted  s i x  work packages: 

Program Management 

Command and Service Module Pro jec t  

Lunar Module/Apollo Telescope Mount 

Airlock Module Pro jec t  

Experiments Pro jec t  

Future Missions Project  
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Since the  objec t ives  discussed i n  the  scope of work of each of t hese  
packages a r e  achieved by the  func t iona l  o f f i c e s  of t h e  AAP, t h e i r  support  
t o  each of t h e  p ro jec t s  i s  discussed separa te ly  i n  each of t h e  work 
packages. 
d i s t r i b u t e d .  

All of t h e  i n t e r n a l  AAP work packages have been approved and 

External work packages appropriate  t o  the  AAP r e s p o n s i b i l i t i e s  were 
an t i c ipa t ed  with : 

Engineering and Development Direc tora te  

F l igh t  Crew Operations Direc tpra te  

F l igh t  Operations Direc tora te  

Medical Research and Operations Direc tora te  

Science and Applications Direc tora te  

R e l i a b i l i t y  and Qua l i ty  Assurance Off ice  

Admini s t ra t i  on Direct o r  a t  e 

Computations and Analysis Division 

F l i g h t  Safe ty  Off ice  

Program Control and Contracts Division 

Off ice  of t h e  Director  

These work packages a r e  i n  var ious s tages  of negot ia t ion .  

A s i g n i f i c a n t  change i n  MSC U P  r e s p o n s i b i l i t y  and objec t ives  was 
i n i t i a t e d  toward t h e  end of the  quar te r .  
t r a t o r  of NASA authorized the  t r a n s f e r  of management r e s p o n s i b i l i t i e s  
f o r  t he  design and development of t h e  AAP LM and a i r lock  hardware ac t iv -  
i t i e s  from the  Manned Spacecraft  Center t o  Marshall Space F l igh t  Center 
(MSFC). 
r e s p o n s i b i l i t i e s  w i l l  not be completed u n t i l  a f t e r  t he  beginning of t h e  
four th  quar te r .  

On September 16, t he  Adminis- 

However, t h e  d e f i n i t i o n  and complete t r a n s f e r  of s p e c i f i c  

There have been no changes i n  t h e  bas ic  s t ruc tu re  of t he  ,Apollo 
Applications Program Office (AAPO) organizat ion,  which i s  i l l u s t r a t e d  
i n  f i g u r e  1. 

The AAP i n t e r c e n t e r  coordination panel a c t i v i t i e s  a r e  continuin$. 
There have been no addi t ions  or  de l e t ions  of panels or subpanels during 
the  quar te r .  (See f i g .  2 . )  



4 

~ k U  a, .rf 

O k  

rn 
a, 

' 9  
k 
ho 
0 
k 
pc 
rn 
8 



Direct or  
Apollo Applications 

Center 
Program Managers 

Mechanical Electric a1 

r---l-- 
Mission 

Requirements Operat ions 
( f o r  Apollo 
and AAP) 

Instrument a- 
tion and 

Communication 
Panel 

Mis 5 ion 
Evaluation 
Panel 

4- 
Systems 

Integration 
Panel 

I 

Systems 
Safety 
Panel 

Figure 2.- Apollo Applications Program intercenter 
interface panel organization. 



CONTRACTS 

ALLIS-CHALMERS (%AS 9-8639) 

On Ju ly  3, 1968, MSC AAPO received authorizat ion from NASA Head- 
quarters  t o  en te r  i n t o  a cont rac t  with Allis-Chalmers (A-6) f o r  f l i g h t  
qua l i f i ca t ion  of t h e  NASA 2-kW f u e l  c e l l  "for fu tu re  long-duration 
manned missions." Spec i f ic  i n s t ruc t ions  w e r e :  (1) s o l i c i t  a proposal 
fo r  a cost-plus-fixed-fee e f f o r t  , ( 2 )  i s sue  a l e t t e r  cont rac t  beginning 
June 1, 1968, t o  be de f in i t i zed  by November 30, or p r i o r  t o  exceeding 
50 percent of t h e  t o t a l  estimated program cos t s ,  and (3)  include pre- 
contract  cos ts  determined t o  be "allowable (a l locable  and reasonable) .  I t  

A l e t t e r  cont rac t  w a s  signed on July 25 based upon an abbreviated 
proposal ind ica t ing  general  understanding on t h e  pa r t  of A-C. A def in i -  
t i v e  proposal f o r  t he  complete program w a s  received a t  MSC on August 12,  
and contract  negot ia t ions were conducted on September 24 through 27. 
program recommended i n  the  proposal evaluat ion memorandum, which w a s  t o  
m e e t  only t h e  1500-hour fuel  c e l l  requirements of the  AAP Missions 1 
through 4 ,  w a s  agreed upon. 
reviewed during a coordination meeting t o  be held a t  A-C on October 1 
through 4. 

The 

The technica l  s t a t u s  of t he  program w i l l  be 

1 

Major contractor  e f f o r t s  during the  t h i r d  quarter  have been d i rec ted  
toward hardware end-item qua l i f i ca t ion  and t h e i r  i n t eg ra t ion  i n t o  t h e  
spacecraf t .  A program review w a s  conducted a t  t h e  A-C f a c i l i t y  on 
August 21 pr imari ly  t o  f ami l i a r i ze  AAPO management with hardware design, 
development s t a t u s ,  and planned followon a c t i v i t i e s .  

THE BENDIX CORPORATION/INSTRUMENTS AND 
' LIFE SUPPORT DIVISION (NAS 9-7689) 

On February 1 9 ,  1968, a cost-plus-fixed-fee contract  t o  Bendix 
Instruments and L i f e  Support Division w a s  authorized. Bendix w a s  t o  
design, develop, and qua l i fy  cryogenic gas s torage systems for long- 
durat ion AAP missions. Ten tanks were t o  be del ivered fo r  f l i g h t  use 
on ear ly  missions. 
AAP-3AY and AAP-5. 

Additional tanks we being contemplated f o r  AAP-3, 

Although contract  changes, reprograming base l i n e  requirements, and 
long lead-time purchase i t e m s  have impacted the  t o t a l  program, s i g n i f i -  
cant accomplishments have been made during the  quar te r .  The accomplish- 
ments include : 
release, (2 )  50-percent completion of preliminary component development 

(1) 90-percent completion of drawing and spec i f i ca t ion  
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evaluat ion,  (3)  successful  pressur iza t ion  of a pressure ves se l  t o  design 
proof and burs t  l e v e l s ,  ( 4 )  t e s t i n g  of a s t r u c t u r a l  model dewar with 
s inusoida l  and random v ib ra t ions ,  ( 5 )  t e s t i n g  of a prototype dewar for  
thermal performance, and (6)  a program review at t h e  Bendix f a c i l i t y  
on August 20 t o  f ami l i a r i ze  AAPO management with hardware design, devel- 
opment s ta tus ,  and followon a c t i v i t i e s .  

GENERAL ELECTRIC COMPANY (NASw-1721) 

The General E l e c t r i c  (GE) e f f o r t  for  t h e  AAPO at MSC was f irst  
obtained as a modification t o  the  Apollo/GE Contract NASw-410 f o r  t he  
period from August 1, 1967, through June 30, 1968. 
provided engineering support f o r  the  AAPO t e s t  operations and base l i n e  
configurat ion engineering. Extension of t h i s  GE support was  obtained 
as a t a s k  t o  the  Headquarters/GE Contract NASw-1721 for t he  period from 
July 1 through December 31, 1968. 

The modification 

Procurement ac t ion  w a s  s t a r t e d  during t h e  las t  week of Septem- 
ber  1968 f o r  a new MSC/GE cont rac t  with a period of performance from 
January 1 through December 31, 1969. 
the  AAPO tes t  operations and program con t ro l ,  r e l i a b i l i t y  and q u a l i t y  
assurance,  and r e l a t e d  engineering f o r  acceptance checkout equipment/ 
spacecraf t  (ACE-S/C) . 

On t h i s  con t r ac t ,  GE w i l l  support 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION (NAS 9-6608) 

On June 1, 1968, a l e t t e r  anendment w a s  i ssued t o  the  Grumman A i r -  
c r a f t  Engineering Corporation (GAEC) t o  cont rac tua l ly  cover 4 months of 
e f f o r t  toward t h e  preliminary design review ( P D R ) .  
was  de f in i t i zed  and issued by August 5 for  performance through Septem- 
ber 30. 
per month necess i ta ted  postponing t h e  PDR from the  end of September u n t i l  
mid-October, A cont rac t  modification w a s  i ssued on August 23 t o  fund 
GAEC e f f o r t  through the  PDR, which w a s  scheduled fo r  October 16. 

The l e t t e r  amendment 

However, a cons t ra in t  t o  maintain the  manpower l e v e l  a t  400 men 

Signi f icant  events during the  quar te r  include the  f i r s t  LM-A Systems 
Technical Management Meeting held at MSC on Ju ly  2. The main top ic s  of 
discussion were: 

1. Replacement of the  7% probe with a drogue 

2. Al te rna t ives  f o r  making LM-A systems l e s s  ac t ive  a f t e r  docking 
with the  o r b i t a l  assembly 

3. Retention of t h e  manual LM-A docking capab i l i t y  
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The r e l a t i v e  pos i t ion  of t h e  LM on t h e  o r b i t a l  assembly is  shown i n  
f igu re  3. 

A t  t he  second LM-A Systems Technical Management Meeting held on 
August 1 5 ,  t h e  discussion centered around t h e  redesigning of t h e  crew 
provisions s torage module. Ins ide  height  had been increased t o  27 inches 
t o  allow proper o r i en ta t ion  of the  Navd Research Laboratory (NRL) and 
the  American Science and Engineering (AS&E) experiment packages, 
de le t ion  of t h e  atmosphere r e v i t a l i z a t i o n  sec t ion  ( A R S )  from the  environ- 
mental cont ro l  system (ECS) w a s  a l so  discussed at the  meeting. 
later received formal d i r ec t ion  t o  d e l e t e  t he  ARS. 

The 

The GAEC 

On September 18, GAEC presented t h e i r  i n i t i a l  Mission AAP-3/AAP74 
stowage l i s t s .  The presenta t ion  included contractor-furnished equipment 
supplied by GAEC and Government-furnished equipment (GFE). The i n i t i a l  
stowage l i s t s  w i l l  be cor re la ted  with other  stowage l i s t s  t o  form t h e  
f i n a l  l i s t  f o r  t h e  spacecraf t .  

I n  support of t he  PDR, t h e  contractor  has produced documentation 
such as s a f e t y  spec i f ica t ions  , configuration plans,  r e l i a b i l i t y  and 
qua l i ty  assurance spec i f i ca t ions ,  and manufacturing procedures. These 
support documents have been i n  review at MSC for  preparat ion of comments 
t o  be presented a t  the  PDR. 

The t r a n s f e r  of LM management a c t i v i t y  from MSC t o  MSFC i s  scheduled 
t o  take place sho r t ly  a f t e r  the  PDR. Action has been i n i t i a t e d  by MSC, 
i n  conjunction with MSFC, t o  prepare the  statement of work and manpower 
requirements fo r  continuation of GAEC e f f o r t  a f t e r  t h e  PDR. 

MARTIN-MARIETTA CORPORATION (BAS 8-24000) 

On Ju ly  2 and 3, Martin-Marietta Corporation (MMC) representa t ives  
were a t  MSC t o  negot ia te  a followon cont rac t  (modification MSC-3 t o  
cont rac t  NAS 8-24000) for payload in t eg ra t ion .  
contract  negot ia ted i s  Ju ly  1 through December 31, 1968. 
t r a c t u a l  documents were d i s t r i b u t e d  on August 9. MMC i s  required t o  
furn ish  s p e c i f i c  products such as plans , c r i t e r i a  documents, analyses , 
implementation packages, and other  documentation necessary t o  r e f l e c t  
program requirements. A l l  a c t i v i t y  i s  i n i t i a t e d  by technica l  d i r e c t i v e s  
issued from t h e  program o f f i ce .  

The period fo r  t h e  
Approved con- 

Technical d i r e c t i v e s  were issued t o  MMC on a p r i o r i t y  Sas i s  within 
the  es tab l i shed  funding cons t r a in t s .  During the  t h i r d  qua r t e r ,  t a s k  
schedules, operat ion handbooks and plans,  requirements documents, and 
concept s tud ie s  have been implemented. 
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On September 13, WC presented t h e i r  concept of a c t i v i t i e s  t o  be 
performed i n  1969 (post-MSC-3). I n  addi t ion  t o  cont inuat ion of cur ren t  
a c t i v i t i e s ,  MMC has proposed a l a r g e r  r o l e  he experiments area. The 
recommendation i s  i n  review. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY/INSTRWVENTATION 
(NAS 9-4065) 

A cont rac t  change au thor iza t ion  (CCA) t o  t he  Apo 
NAS 9-4065 w a s  i s sued  t o  the  Massachusetts I n s t i t u t e  
Instrumentation Laboratory (MIT/IL)  on June 2 ,  1967. 
the  bas i c  guidance, navigat ion,  and cont ro l  sys  
quired t o  support the  preparat ion of AAP onboar 
power p r i o r i t y  problems were experienced at MITJIL, however, due t 
Apollo workload. A no-cost change t o  t h e  CCA was neg 
during t h e  second quar te r  of CY 1968 t o  provide 
AAP at  a reduced man l e v e l .  S t a f f ing  f o r  t h e  t h i r  
t h ree  men per  month. 

The MIT/IL ana lys i s  e f f o r t  during t h e  quart  
i n  t h e  following a reas :  

1. 

2. 

3. 
ac t  i v i  t y 

4. 

5. 

6.  

7. 

8. 

CSM-digital au top i lo t  l o c a l  v e r t i c a l  modes 

Combined vehic le  guidance and con t ro l  system evaluat ion 

S t a b i l i z a t i o n  of AAP-3/AAP-4 during cont ro l  moment gyro (CMG 

Re t ro f i r e  s t e e r i n g  and au top i lo t s  

Design and v e r i f i c a t i o n  of'unmanned LM system 

Systems integ 
\ v  ._ I: 

: ra t ion of hardware and software 

Ground systems operat ion plan (GSOP) ou t l ine  

Command module/orbital  assembly R C S  o r b i t a l  t r a n s l a t i o n  

A f i n a l  repor t  i s  i n  preparat ion at MIT/IL and i s  scheduled f o r  d i s  
but ion by October 1. 
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MCDONNELL-DOUGLAS ASTRONAUTICS CORPORATION (NAS 9-6555) 

The MSC entered i n t o  a fixed-price cont rac t  with McDonnell-Douglas 
Astronautics Corporation (MDAC) on August 19 ,  1966, t o  provide NASA MSC 
with the  a i r lock  module. 
completion of r ede f in i t i on  f o r  t h e  a i r lock ,  a procurement plan f o r  re-  
v i s ing  t h e  cont rac t  w a s  submitted t o  NASA Headquarters on June 6 ,  1967. 
The plan w a s  approved i n  November of t h a t  yea r ,  bu t  t h e  cont rac t  docu- 
ment (supplemental agreement (S/A) no. 5 )  w a s  not approved. 
t r a c t o r  has been working under l e t t e r  agreements t o  the  basic  fixed-price 
cont rac t .  

I n  l a t e  1966, t he  mission w a s  redefined. Upon 

The con- 

Current MDAC requirements a re  t o  provide: (1) one f l i g h t  a r t i c l e  
with spare  p a r t s  and ground-support equipment , ( 2 )  an a i r lock  t r a i n e r  , 
(3) a zero-g t r a i n e r ,  (4) a neu t r a l  buoyancy t r a i n e r ,  ( 5 )  one s t r u c t u r a l  
test  a r t i c l e ,  (6 )  1 5  cryogenic tanks ,  and ( 7 )  support documentation and 
extension s tud ie s .  

On Ju ly  5 ,  1968, MSC w a s  authorized t o  extend the  e x i s t i n g  l e t t e r  
amendment t o  provide inter im cont rac tura l  coverage from July 1 through 
December 31, 1968, with a l imi t a t ion  placed on expenditure of funds. 
By August 1 5 ,  a new schedule and plan f o r  updating and renegot ia t ing  
the  cont rac t  had been developed and coordinated with the  cont rac tor .  
The o r i g i n a l  cont rac t  document w a s  t o  be supplemented by cont rac t  change 
proposals (CCP's) t o  r e f l e c t  t h e  August 1, 1968, base l i n e  configurat ion.  
A new schedule f o r  evaluat ion of t hese  CCP's had been prepared by t h e  
last  week of September. 

S igni f icant  a c t i v i t i e s  during the  quar te r  include:  (1) the  s t ruc-  
t u r a l  test  a r t i c l e  w a s  reviewed and accepted by NASA on September 25, 
(2 )  hardware i n s t a l l a t i o n s  are continuing on the  MSC t r a i n e r ,  ( 3 )  modi- 
f i c a t i o n  k i t s  f o r  t h e  neu t r a l  buoyancy t r a i n e r  were completed and shipped 
t o  MSC, (4) only th ree  items remain t o  be t e s t e d  i n  t h e  long-term vacuum 
t e s t i n g  with scheduled completion da tes  of November and December 1968, 
and ( 5 )  a l l  r ad ia t ion  t e s t s  on materials covered i n  t he  basic  test  
request have been completed. I n  Apr i l  1968, MDAC w a s  d i r ec t ed  t o  s top  
a l l  manufacturing e f f o r t  on t h e  a i r lock  f l i g h t  a r t i c l e .  The resume-work 
da te  f o r  t h e  a i r lock  has been t e n t a t i v e l y  es tab l i shed  as June 1969. 
a r t i s t ' s  concept of t h e  a i r lock  is  shown i n  f igu re  4. 

An 

On September 10 ,  t h e  Administrator of NASA approved a recommenda- 
t i o n  t h a t  t h e  management r e spons ib i l i t y  fo r  t h e  a i r lock  module be t rans-  
f e r r ed  from MSC t o  MSFC. Since the  date  of t he  t r a n s f e r  has not ye t  
been d e f i n i t e l y  es tab l i shed ,  MSC, i n  conjunction with MSFC, i s  proceed- 
ing with plans t o  update and d e f i n i t i z e  t h e  technica l  and management 
base l i n e s  f o r  t h e  cont rac t .  These plans should be completed during 
the  fou r th  quar te r  and t r a n s f e r  of management r e spons ib i l i t y  f o r  t h e  
a i r lock  contract  w i l l  then take  place.  



12 



13 

NORTH AMERICAN ROCKNELL (NAS 9-6593) 

On November 1, 1966, a level-of-effor t  con t r ac t ,  "Study of CSM f o r  
Advanced Applications ," w a s  awarded North American Rockwell ( N R )  t o  sup- 
port  t h e  spacecraf t  d e f i n i t i o n  e f f o r t  f o r  AAP missions. The contract  
described t h e  NR e f f o r t  covering two major areas: (1) mission plans,  
mission and subsystem analyses ,  and spacecraf t  de f in i t i on  f o r  se lec ted  
AAP f l i g h t s ,  and ( 2 )  engineering t a sks  required t o  support t h e  various 
phases of fu tu re  AAP missions. The contract  w a s  scheduled fo r  comple- 
t i o n  by June 30, 1967. 
through Ju ly  31, 1968, by supplemental agreements. 

Since t h a t  t i m e ,  t h e  contract  has been extended 

A new contract  statement of work (SOW) e n t i t l e d  "Preliminary Design 
of the  CSM Modifications and Associated Support fo r  the  Apollo Applica- 
t i ons  Program" w a s  incorporated i n t o  the  contract  on June I, 1968, by 
S/A 9. The SOW described the  cont rac tor ' s  t o t a l  a c t i v i t i e s  through the  
preliminary design review, which i s  now scheduled for mid-February 1969. 
The general  areas of de l iverable  i t e m s  spec i f ied  by t h i s  SOW are layouts ,  
p lans ,  spec i f i ca t ions ,  supporting da ta ,  and mockups. However, t he  con- 
t r a c t o r  w a s  i n s t ruc t ed  by the  agreement t o  i n i t i a l l y  perform only those 
t a sks  required t o  accomplish a preliminary requirements review (PRR) by 
l a t e  Ju ly  1968. 
s t ruc t ed  t o  (1) e s t a b l i s h  the  AAP mission and system requirements, 
( 2 )  develop analyses,  schematics, and da ta  required t o  support t h e  asso- 
c i a t ed  engineering a c t i v i t i e s ,  (3 )  provide support at the  PRR, and 
( 4 )  prepare and de l ive r  spec i f i c  documentation. 
t he  CSM i s  shown i n  f igu re  5 .  

I n  pursu i t  of t h a t  ob jec t ive ,  t he  contractor  w a s  in- 

An ar t is t ' s  concept of 

The PRR was  conducted a t  t he  cont rac tor ' s  f a c i l i t y  on Ju ly  29 
through August 1, 1968. 
Kennedy Space Center ( K S C ) ,  MSFC, and Headquarters attended. A t o t a l  of 
232 review i t e m  discrepancies  ( R I D ' S )  against  t he  PRR documentation w a s  
processed by t h e  review board. The documentation changes r e su l t i ng  from 
the  approved R I D ' S  have been incorporated i n t o  the  contractor  documents. 

Approximately 115 NASA personnel from MSC,  

During t h i s  qua r t e r ,  S/A's 10 ,  11, and 12 were issued extending 
cont rac tua l  coverage through September 30, 1968. 
l imi t a t ion  w a s  re ta ined  i n  accordance with Headquarters decis ions.  How- 
ever ,  i n  September, Headquarters authorized a cont ro l led  manpower buildup 
i n  order t o  accomplish a PDR during February 1969. 
ment no. 13, e f f e c t i v e  on September 22, w a s  issued t o  implement the  man- 
power increase.  

The o r i g i n a l  150-man 

Supplemental agree- 

Present ly ,  t he  major contract  e f f o r t  i s  being devoted t o  the  prep- 
a ra t ion  of t he  documentation t o  support t he  preliminary configurat ion 
review (PCR), which i s  t o  be conducted a t  t h e  MSC i n  mid-October 1968. 
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MISSION PLANNING 

During the  t h i r d  qua r t e r ,  s eve ra l  documents have been prepared i n  
connection w i t h  mission planning. A base l i n e  reference mission da ta  
package f o r  AAP-l/AAP-2, AAP-3A, and AAP-3/AAP-4 w a s  published and d is -  
t r i b u t e d  i n  Ju ly .  The d a t a  package w a s  designed t o  support generat ion 
of t h e  base l i n e  re ference  mission (BRM). Current f l uc tua t ions  within 
the  AAP d e f i n i t i o n ,  however, causes much of t h e  da t a  t o  be of a prelimi- 
nary nature .  Formal updates f o r  t he  document have not been scheduled, 
but Change l h a s  been approved and published. A s  t h e  AAP program becomes 
b e t t e r  def ined,  t h i s  document w i l l  be replaced by t h e  Mission Design Data 
Books. 

Comments a r e  being received from the  r e c i p i e n t s  or t he  Preliminary 
Base Line Reference Mission f o r  AAP-l/AAP-2 , AAP-3AY and AAP-3IAAP-4 , 
which w a s  published i n  June. These comments a re  being reviewed f o r  in-  
c lus ion  i n  the  followon publ ica t ion ,  the  Base Line Reference Mission. 
A s i g n i f i c a n t  change base l i n e d  i n t o  the  BRM i s  t o  launch i n  day l igh t ,  
land i n  day l igh t ,  and r e t a i n  a 28-day mission i n  Mission AAP-l/AAP-2. 

The mission requirements document f o r  AAP Missions AAP-l/AAP-2, 
AAP-3AY and AAP-3/AAP-4 w a s  d i s t r i b u t e d  i n  Ju ly .  
r e s p o n s i b i l i t y  of MSC and MSFC, contains  information of a general  na ture .  
Individual  mission requirements and descr ip t ions  a r e  covered i n  the  
appendixes. The opera t iona l  experiment requirements f o r  ind iv idua l  m i s -  
s ions  are published under separa te  cover but as a pa r t  of the  mission 
appendix. Only t h e  appendix f o r  Mission AAP-l/AAP-2 w a s  contained i n  
the  o r i g i n a l  publ ica t ion  s ince  s p e c i f i c  schedules fo r  t h e  remaining m i s -  
s ions  have not been es tab l i shed .  

The document, a j o i n t  

A method f o r  ident i fy ing  movable items i n  the  CM w a s  defined during 
the  quar te r .  The i d e n t i f i c a t i o n  allows these  items t o  be stripped-out 
by the  computer when ca l cu la t ing  i n f l i g h t  m a s s  p rope r t i e s .  
CSM m a s s  p roper t ies  da t a  tapes  have been received and processed. Mass 
p rope r t i e s  is  one of t he  sec t ions  i n  the  base l i n e  reference mission 
design d a t a  package. 
Books. 

The f i r s t  

It w i l l  also be a p a r t  of t he  Mission Design Data 

During the  qua r t e r ,  t he  most pressing problem fac ing  mission plan- 
ning w a s  how t o  r e l i e v e  t h e  pred ic ted  overweight payload s i t u a t i o n  on 
the  AAP missions.  A number of meetings between Headquarters, MSC, and 
MSFC have been h e l d ’ t o  d iscuss  and resolve t h i s  problem. 
ber  26, t he  following major items were base l i ned :  

On Septem- 

1. Inse r t ion  of t h e  AAP-2 workshop i n t o  a lower o r b i t  and use of 
t h e  se rv ice  module (SM) r eac t ion  con t ro l  system ( R C S )  f o r  boosting t h e  
workshop t o  the  operat ing a l t i t u d e .  The e x i s t i n g  RCS AAP-1 SM tanks 
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w i l l  be loaded t o  capaci ty  t o  provide the  addi t iona l  boost.  
t i a l  increase i n  t h e  AAP-2 payload capab i l i t y  i s  2700 pounds. 
t o  allow f o r  t h e  worst Saturn IVB (S-IVB) passivat ion d e f i c i t ,  800 pounds 
of t h i s  increase  i s  unavai lable .  

The poten- 
However, 

2. An S-IVB engine s e l e c t i v i t y  program w a s  adopted. A hot engine 
could be counted as a payload capab i l i t y  increase of 500 pounds t o  AAP-2. 

3. The o r b i t a l  assembly base o r b i t  w a s  lowered from 220 t o  210 nau- 
t i c a l  m i l e s .  

4. 

This produces a payload re l ie f  of 800 pounds f o r  AAP-2. 

A 2-112 s tage  i n s e r t i o n  f o r  f l i g h t s  AAP-1, AAP-3AY and AAP-3 
w a s  provis ional ly  base l i ned .  This technique of CSM i n s e r t i o n  i n t o  o r b i t  
w i l l  provide an increase of 2200 pounds of usefu l  CSM payload i n t o  o r b i t .  
Po ten t i a l ly  the  scheme increases  the  payload i n t o  o r b i t  by more than 
2600 pounds. However, performance reserve and pena l t i e s  involving both 
dispers ions and low s p e c i f i c  impulse could decrease t h e  payload by ap- 
proximately 300 pounds e 

5. A 35' i nc l ina t ion  f l i g h t  plan w a s  adopted t o  allow a substan- 
t i a l  overf ly  of t h e  United S ta t e s .  This increased overf ly  i s  f o r  two 
purposes : 

a. It enables accumulation of bas ic  da ta  f o r  spec i f i c  American 
i n t e r e s t s ,  such as a mul t i spec t ra l  survey of t he  United S ta t e s  f o r  the  
ea r th  resources program. 

b. It encourages a more d i r e c t  American pa r t i c ipa t ion  i n  t he  
space program. 

6. An approved experiments l i s t  w a s  base l i n e d  with an associated 
weight of approximately 2900 pounds. 

Another problem i s  r e l a t e d  to both the  ascent and r e tu rn  payload 
stowage of f l i g h t s  AAP-1, AAP-3A, and UP-3. Studies ind ica t e  t h a t  a 
considerable e f f o r t  w i l l  be necessary t o  def ine tbe amount and types of 
crew equipment, food, e t  ce t e ra ,  due t o  t h e  l imi ted  s torage volume avai l -  
ab le  i n  the  CM. I n i t i a l  ind ica t ions  are t h a t  t he  ascent problem i s  most 
s ign i f i can t  on AAP-3A because of volume. However, both weight and 
volume on AAP-3 r e tu rn  appear t o  be s ign i f i can t  problems. A s  a so lu t ion  
t o  t h e  problem, a series of stowage l is ts  working group meetings have 
r e su l t ed  i n  a de f in i t i zed  AAP-l/AAP-2 stowage l i s t  and preliminary d r a f t s  
fo r  Missions AAP-3A and AAP-3/AAP-4. 

A possible  southern-hemisphere recovery i n  Mission AAP-l/AAP-2 w a s  
accepted t o  avoid an incompatibi l i ty  between mission durat ion and t h e  
assurance of dayl ight  launches and landings.  The r e s u l t i n g  base l i n e  
w a s  a 28-day mission with a dayl ight  launch and landing. 



An in t eg ra t ed  thermal con t ro l  system w a s  base l i n e d  f o r  t.he a i r l o c k /  
S-IVB. Although t h i s  change increases  the  weight of t he  a i r l o c k  by 
110 pounds, it allows a weight reduct ion of 460 pounds for t he  S-IVB 
modifications.  

A change t o  l ightweight  s o l a r  a r r ays  w a s  base l i n e d  i n t o  t h e  mission. 
The change w i l l  reduce the  weight of the S-IVB by approximately 
350 pounds, and it w i l l  provide a s l i g h t l y  higher power output.  

Another s i g n i f i c a n t  f ea tu re  base l i n e d  i s  t h e  unmanned LM-A/ATM 
rendezvous and docking with the  c l u s t e r  on &iP-3/AAP-4. The following 
concept has been recommended as an add i t iona l  p a r t  of t h e  base l i n e :  

An unmanned LM-A/ATM rendezvous and dock with the  o r b i t a l  
assembly should have the  necessary maneuvers performed by t h e  
LM-A. The catchup phase of t he  rendezvous should be ground- 
command con t ro l l ed ,  the  te rmina l  rendezvous phase should be 
cont ro l led  automatical ly  by t h e  LM-A computer, and the  dock- 
ing  phase should be remote cont ro l led  by a crewmember loca ted  
at a con t ro l  console within t h e  MDA. The CSM would provide 
o r b i t a l  assembly s t a b i l i t y  f o r  t h e  docking operat ions.  

Figures 6 and 7 i l l u s t r a t e  the  f l i g h t  p r o f i l e s  base l i n e d  as of Septem- 
ber  30, 1968. 



00 
9 

n 
4 

3 



* 
u r o  

m 
p. 

A 

a= 
UC 
OQL 
4- > 



20 

EXPERIlvIENTS 

The AAPO is the MSC point of contact for the management of all ac- 
tivity concerned with the planping and implementation of AAP experiments. 
The major activities in the experiments area during the third quarter 
were PRR's held for Experiments so61 arid M509 and the establishment of 
a base line experiments list for Mission AAP-l/AAP-2. 
the quarter include : 

Highlights during 

1. 
experiments. 

Preparation of a preliminary project development plan for AAP 

2. Review of experiments at the CSM preliminary requirements review 
held on July 29 through 31. During the meeting, experiment integration 
reqEirements were reviewed and updated. 

3. Preliminary requirements review of Experiment M509, Astronaut 
Maneuvering Activity on August 15. 
the statement af work (SOW) were reviewed. 
positioned by the board. 

The end-item specification (EIS) and 
Eighty-nirie RID's were dis- 

4. Preliminary requirements review of Experiment so61 , Potato Res- 
piration on September 5. The EIS and the SOW were reviewed. All of the 
61 RID's written at the review were dispositioned by the board. 

5. Review of the preliminary copies of the Experiment Functional/ 
Schedule Analysis. 
for experiment hardware. 

The analysis will be used to establish need dates 

6. Review of experiments base line at MSFC on September 26. During 
the review the following list of experiments was provisionally base 
lined for the A.AP-l/AAl?I.2 mission (the list has not yet been approved by . 

Headquarters ) : 

so15 Zero-g Single Human Cell 

~008 Radiation in Spacecraft 

M487 

~051 Cardiovascular Function Assessment 

c 

Habit ab ility / Crew Quarters 

~ 0 5  2 Bone and Muscle Changes 

M056 Non-Gravimetric Mass Measurement 

M058 Human Mass Measurement Device 
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M05 3 

~018 

MO55 

DO19  

DO20 

~ 0 2  5 

~ 0 2 7  

M509 

M 5  08 

TO20 

DO21 

so65 

TO03 

M479 

TO04 

TO21 

~ 0 1 7  

DO22 

SO19 

SlOl 

Human Vestibular Function 

Vector cardiogram 

Time and Motion Study 

Su i t  Donning and Sleep S ta t ion  Evaluation 

Alternate  Res t r a in t s  Evaluation 

Coronagraph Contamination Measurement 

ATM Contamination Measurement 

A s  t r onaut Maneuvering Equipment 

Astronaut EVA Hardware Evaluation 

Jet Shoes 

Expandable Airlock Technology 

Multiband Terrain Photography 

In-f l ight  Nephelometer 

Zero-g Flammability 

Frog O t o l i t h  Function 

Meteoroid Velocity 

Meteoroid Impact and Erosion 

Expandable S t ruc tu res  for Recovery 

Ul t r av io l e t  S t e l l a r  Astronomy 

Mult ispectral  Terrain Photography 
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The following list indicates experiments presently scheduled for Mis- 
sion AAP-3A: 

%402R Orbital Workshop 

%479R Zero-g Flammability 

%487R Habitability /Crew Quarters 

%493R Electron Beam Welding 

%018R Vectorcardiogram 

%050R Met abolic Activities 

%051R Cardiovascular Function Assessment 

%052R Bone and Muscle Change 

%O 5 3R Human Vestibular Function 

%O 5 5R Time and Moti,on Study 

%056R Nongravimetric Mass Measurement 

%058R Human Mass Measurement Device 

%509R Astronaut Maneuvering Unit 

%018R Precision Optical Tracking 

TO21 Meteoroid Velocity 

S018RC Micrometeorite Collection a 

%he R designates that the experiment is to be performed on AAP-l/ 
AAP-2 and is scheduled for reactivation and reuse on AAP-3A. The RC 
designates that the experiment is to be initiated on AAF'-l/AAP-2 and is 
scheduled for completion on AAP-3A. 
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SOl9R Ultraviolet Stellar Astronomy a 

S020R Ultraviolet/X-ray Solar Photography a 

S027R ' Galactic X-ray Mapping 

so63 Ultraviolet Airglow Horizon Photography 

a 

S065R 

so72 

Multiband Terrain Photography (Hand Held) 

Circadian Rhythm - Vinegar Fly 

a 

SO73 Gegenschein/Zodiacal Light 

so28 Dim Light Photography 

The following list indicates experiments presently scheduled for Mis- 
sion AAP-3/AAP-4: 

bMb02RD Orbital Workshop 

bM4 8 7RD Habit ab ili t y / C r  ew Quarters 

so61 Potato Respiration 

bMO 51RD Cardiovascular Function Assessment 

bM050RD Metabolic Activity 

bMO 5 8RD Human Mass Measurement Device 

bMO 52RD Bone and Muscle Changes 

bMO 5 6RD Nongravimetric Mass Measurement 

"The R designates that the experiment i s  to be performed on AAP-L/ 
AAP-2 and is scheduled for reactivation and reuse on AAP-3A. 
designates that the experiment is to be initiated on AAP-l/AAP-2 and is 
scheduled for completion on AAP-3A. 

on Mission AAPT1/AAP-2 and scheduled for reactivation and reuse on 
Mission AAP-3/AAP-4. 

The RC 

bThe RD in experiment numbers designates experiments to be performed 
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bMO 5 5RD 

bMO 5 3RD 

Time and Motion Study 

Human Vestibular Function 

bM018RD Vectorcardiogram 

~018 Precision Optical Tracking 

so83 Ultraviolet Scanning Spectrometer 

so82 Ultraviolet Spectrograph/Heliograph 

SO52 White Light Coronagraph 

SO54 X-ray Spectrographic Telescope 

so56 Dual X-ray Telescope 

~018 Precision Optical Tracking 

Experiment M439, Star/Horizon Automatic Tracking, has not yet been 
assigned to a particular mission. 

bThe RD in experiment numbers designates experiments to be performed 
on Mission AAP-l/AAP-2 and scheduled for reactivation and reuse on 
Mission AAP-3/AAP-h. 



STRUCTURAL AND MECHANICAL 

Airloch 

The a i r lock  s t r u c t u r a l  assembly provides t h e  means fo r  a t tach ing  t h e  
mult iple  docking adapter (MDA) t o  t h e  S-IVB and for mounting var ious 
func t iona l  systems. The a i r lock  a l s o  provides a support attachment t o  
t h e  spacecraft-lunar module adapter (SLA) . The a i r lock  f l i g h t  a r t i c l e  
continues on t h e  manufacturing hold es tab l i shed  i n  Apri l  1968. 
the  s t r u c t u r a l  t e s t  a r t i c l e  was accepted from the  contractor  on Septem- 
ber  25. The problem of welding which involved t h e  bellows t h a t  connect 
the  workshop and t h e  a i r lock  w a s  resolved during t h e  quar te r  by simpli- 
fying t h e  design and el iminat ing weld j o i n t s .  

However, 

Lunar Module A 

The LM t o  be used i n  the  AAP LN/ATM appl ica t ion  w i l l  cons is t  of t he  
ascent s tage  of t he  Apollo LM vehicle .  The two u n i t s ,  t h e  LM and t h e  
ATM, w i l l  be mated at KSC. S igni f icant  changes t o  the  W during the  
t h i r d  quarter  were the  addi t ion of 6 inches t o  t h e  crew provisions serv- 
i c e  module t o  accommodate f i lm  stowage %nd t h e  decis ion t o  replace the  
LM-A probe with a drogue. Otherwise, t h e  LM-A continues i n  t h e  prelimi- 
nary design phase. 

The ATM PDR w a s  held on September 24. Two of the  R I D ' s  wr i t t en  at 
the  review could lead  t o  design changes. One R I D  provided f o r  a space- 
ground t e l e v i s i o n  system for transmission from the  ATM t e l e v i s i o n  moni- 
t o r  and S-IVB t e l e v i s i o n  camera. Another R I D  imposed a continuous duty 
cycle f o r  t he  ATMtape recorder.  
the  end of t h e  quar te r .  

These RID's had not been resolved a t  

One of t he  most s ign i f i can t  pacing i t e m s  i n  t h e  LM/ATM program now 
appears t o  be t h e  necess i ty  f o r  a LM-A s t r u c t u r a l  tes t  a r t i c l e  t o  support 
t he  MSFC ATM v i b r a t i o n ' t e s t  program as w e l l  as LM-A development tests.  
Since a su i t ab le  Apollo tes t  a r t i c l e  cannot be mqde ava i lab le  and s ince  
the  l ead  t i m e  t o  bu i ld  a new ascent s t ruc tu re  i s  18 months, t h e  most 
f eas ib l e  approach i s  t o  convert an Apollo LM ascent s tage  i n t o  a LM-A 
s t r u c t u r a l  test  a r t i c l e .  A replacement ascent s tage  would be b u i l t  on 
a rou t ine  schedule bas i s  t o  be returned t o  Apollo at t h e  end of t he  cur- 
r e n t  production l i n e .  



26 

Spacecraft-Lunar Module Adapter 

The SLA i s  a standard Apollo Block I1 configurat ion.  No changes 
or problem areas have developed during t h e  quar te r .  
i n t e r n a l  loads f o r  t h e  SLA ind ica t e  t h a t  loads f o r  t h e  AAP-2 f l i g h t  are 
20 percent less than those imposed by t h e  Apollo missions.  
s t r e s s  ana lys i s  has not y e t  been completed. 

Recently ca lcu la ted  

A formal 

Command and Service Module 

The s t r u c t u r a l  configurat ion of t h e  AAP CSM i s  e s s e n t i a l l y  t h e  
Apollo Block I1 CSM with only minor modifications.  
changes or problems have occurred during the  quar te r .  
requirements review f o r  t h e  CSM w a s  held on July 29 through 31. 
most s ign i f i can t  R I D  wr i t t en  i n  t h e  s t r u c t u r e s  a rea  was a requirement 
t o  rewr i te  t h e  environmental design c r i t e r i a .  This t a s k  should be com- 
p le ted  during t h e  four th  quar te r .  

N o  s i g n i f i c a n t  
The preliminary 

The 

PROPULSION SYSTEMS 

Service Propulsion System 

A preliminary requirements review w a s  conducted on t h e  serv ice  
propulsion system (SPS) on Ju ly  29 through 31. 
against  t he  system; one involved correct ion of da t a  and has been disposed 
of .  The second requested an onboard propel lan t  gaging system capable 
of providing propel lant  quant i ty  measurements t o  t h e  crew during zero 
gravi ty .  A study i s  cur ren t ly  i n  progress t o  determine t h e  impact of 
providing t h e  required information t o  t h e  crew. 

Two R I D ' s  were wr i t t en  

Before the  PRR, a pressure/volume/temperature l eak  de tec t ion  ap- 
proach had been planned with information being provided t o  t h e  ground 
fo r  monitoring. 
def ine and e s t a b l i s h  the  design i n  g rea t e r  d e t a i l  i n  support of t h e  PDR. 
It i s  expected t h a t  emphasis w i l l  be placed on thermal con t ro l ,  modifi- 
ca t ion  of plumbing, and determining requirements fo r  system component 
modification d i c t a t ed  by cur ren t  Apollo system compatibi l i ty  t e s t s .  

With the  completion of the  PRR, NR i s  proceeding t o  

Service Module Reaction Control Subsystem 

A PRR w a s  conducted on t h e  serv ice  module reac t ion  cont ro l  subsystem 
on Ju ly  29 through 31. 
Five of t he  R I D ' s  Irere cor rec t ions  of a minor nature  and have been com- 
p le ted .  A study i s  cur ren t ly  i n  progress t o  resolve the  open R I D ,  which 

Six R I D ' s  were wr i t t en  against  t h e  subsystem. 
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i s  concerned wi th  the  manner and mount  of RCS propel lant  t o  be reserved 
f o r  deo rb i t .  

The requirements f o r  t h e  subsystem have been e s t ab l i shed  and emphasis 
i s  now on r e f i n i n g  t h e  preliminary design f o r  t h e  PDR. 
f igu ra t ion  has been defined. Spec i f i c  components, such as t h e  p rope l l an t  
i s o l a t i o n  valve and propel lant  accumulator, which r equ i r e s  or may requ i r e  
redesign, are being studied. 

The bas i c  con 

Thermal con t ro l  f o r  t h e  propel lant  modules and l i n e s  appears t o  be 
the  major problem on t h e  RCS. Thermal ana lys i s  i s  i n  progress and t h i s  
problem should be resolved within t h e  next 6 months. 

Lunar Module Reaction Control System 

The LM-A RCS preliminary design has been completed i n  preparation 
f o r  t h e  PDR. Configuration and plumbing design were e s t ab l i shed  during 
the  qua r t e r .  Both preliminary design and PDR documentation has been 
completed. The MSC i s  cu r ren t ly  reviewing t h i s  information i n  prepara- 
t i o n  f o r  t h e  PDR. 

The approach f o r  deact ivat ing t h e  LM RCS af ter  LM docking with t h e  
c l u s t e r  has not been defined. It appears t h a t  squib valves w i l l  be re- 
quired t o  vent t h e  r e s i d u a l  helium pressure s ince  both expected propel lant  
tank temperature p r o f i l e s  during the  mission and f r a c t u r e  mechanics anal- 
y s i s  i n d i c a t e  a p o s s i b i l i t y  t h a t  safe pressure l i m i t s  may be exceeded f o r  
t he  tanks.  

CREW STATION SYSTEM 

F l i g h t s  AAP-1 , AAP-3A, and AAP-3 

A PRR f o r  t h e  th ree  AAP command and se rv ice  modules w a s  held on 
Ju ly  29 through 31. The requirement t o  maintain t h e  land-landing 
capab i l i t y  f o r  end-of-nission r e t u r n  w a s  rescinded by t h e  PRR board. 
This decision provides a much g r e a t e r  command module volume ava i l ab le  
f o r  r e t u r n  payload. New launch and r e t u r n  payload s t u d i e s  were i n i t i a t e d  
and are expected t o  be complete f o r  t h e  preliminary base l i n e  review 
(PBR) i n  mid-October. 

F l igh t  AAP-2 

A major r ev i s ion  of t h e  crew s t a t i o n  arrangement of t h e  MDA/airlock/ 
S-IVB workshop has been d i c t a t e d  by new requirements and guide l ’  ineS. 
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Control and d isp lay  requirements f o r  t h e  vehic les  have progressed through 
new in t eg ra t ed  layouts .  The ATM ext ravehicu lar  a c t i v i t y  (EVA) work sta- 
t i o n s  were re loca ted  t o  place them adjacent t o  the  LM-A hatch s ince  most 
EVA a c t i v i t y  w i l l  be from t h a t  hatch.  Manual and/or s impl i f ied  devices 
fo r  crew and cargo t r a n s f e r  f o r  ATM film r e t r i e v a l  ins tead  of more com- 
p l i ca t ed  devices such as t h e  serpentuator  w e r e  base l i ned .  The crew 
provisions stowage module w a s  redesigned t o  provide more i n t e r n a l  s to r -  
age. The i n t e r n a l  height  w a s  increased t o  27 inches t o  allow proper 
o r i en ta t ion  of t h e  NRL and AS&E packages. 
ment and h a b i t a b i l i t y  equipment remain l a r g e l y  undefined. 

Otherwise, experiment arrange- 

F l igh t  AAP-4 

The PDR o f  t h e  Apollo te lescope mount w a s  held a t  MSFC l a t e  i n  the  
quarter .  
bas i ca l ly  unchanged from t h e  one recommended by the  Controls and Displays 
Ad Hoc Working Group last  May. 
por t  equipment w a s  b a s i c a l l y  conceptual with much d e t a i l  remaining t o  be 
defined before opera t iona l  simulation and evaluat ion can be accomplished. 

The preliminary design of t h e  ATM cont ro ls  and d isp lays  w a s  

The preliminary design of t h e  EVA sup- 

ELECTRICAL POWER SYSTEM 

Clus ter  Load P r o f i l e  

Most of t he  ind iv idua l  equipment loads have now been defined f o r  t h e  
c l u s t e r  load p r o f i l e .  Determination of accurate  power p r o f i l e s  i s  s t i l l  
l imi t ed  by incomplete d e f i n i t i o n  of as t ronaut  a c t i v i t y  t imel ines  and con- 
cur ren t  o r b i t a l  condi t ions.  However, analyses have been made of t h e  
e l e c t r i c a l  loads which would e x i s t  under var ious opera t iona l  modes such 
as EVA, pressuriza+,ion, experimentation i n  t h e  o r b i t a l  assembly, and 
thermal loads imposed by o r b i t a l  o r i en ta t ion .  These analyses ind ica t e  
t h a t  loads due t o  required equipments can be se l ec t ed ,  and s u f f i c i e n t  
unnecessary ecpipments can be turned off so t h a t  t he  base l i n e  1200-square 
foot  solar array18 power conditioning groups/A-C f u e l  c e l l  system w i l l  be 
s u f f i c i e n t  t o  support a l l  of t h e  present ly  planned mission a c t i v i t i e s .  
This conclusion i s  based upon use of t he  in tegra ted  c l u s t e r  ECS, which 
requi res  a maximum of 750 w a t t s .  

Airlock 

A study w a s  performed t o  determine the  adv i sab i l i t y  of reducing t h e  
number of power conditioning groups from e ight  t o  s i x  i n  order t o  reduce 
AAP-2 weight. The study ind ica ted  t h a t  a l l  of t he  power conditioning 
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groups should be r e t a ined  s ince  any reduct ion would l i m i t  t he  u t i l i z a t i o n  
of t he  S-IVB a r ray  and would excessively decrease the  r e l i a b i l i t y  of t h e  
a i r l o c k  e l e c t r i c a l  power system (EPS). 

Preparat ion of an o v e r a l l  c l u s t e r  e l e c t r i c a l  schematic w a s  i n i t i a t e d  
during t h e  qua r t e r  t o  show t h e  capab i l i t y  f o r  switching the  c l u s t e r  power 
sources t o  t h e  var ious d i s t r i b u t i o n  buses and t h e  interconnect ing imped- 
ance. 

Command and Service Module 

Monthly AAP-l/AAP-2 power p r o f i l e s  submissions have continued. The 
l a t e s t  submission shows a 4300-watt peak load during rendezvous maneuvers 
and a 3700-watt peak during the  EVA. The average mission load has been 
reduced t o  2000 w a t t s .  Inves t iga t ions  have been i n i t i a t e d  t o  determine 
the  bes t  means t o  r e f i n e  the  computer program t o  more accura te ly  account 
f o r  t h e  EPS thermal loop c h a r a c t e r i s t i c s  and provide the  c a p a b i l i t y  for 
predic t ing  off-nominal performance. The capab i l i t y  t o  provide real-t ime 
mission support i s  a l s o  being considered. 

The Allis-Chalmers f u e l  c e l l  has a p o t e n t i a l  problem i n  the  thermal 
area which i s  r e l a t e d  t o  "no vent" requirements. 
occur when t h e  r a d i a t o r  o u t l e t  temperature exceeds approximately llOo t o  
115O F, t h e  "no vent" requirement would be v io l a t ed  during those  periods 
of excessive temperatures.  Such a s i t u a t i o n  could requi re  some redesign 
of the  f u e l  c e l l .  

Since vent ing does 

Lunar Module 

A study conducted during the  quar te r  has ind ica ted  t h a t  t h e  ATM 
cont ro l  and d isp lay  console could be provided with the  required condi- 
t ioned  power by using two LM l i g h t i n g  cont ro l  assemblies.  

The o v e r a l l  LM power requirement w a s  reduced from 34 t o  18 w a t t s  by 
converting from white t o  more e f f e c t i v e  green s t a t u s  l i g h t s .  

A CSM manual con t ro l  w i l l  be loca ted  i n  the  MDA f o r  rendezvousing 
the  unmanned LM. 

Clus ter  Lighting 

A s  ind ica ted  i n  t h e  preceding paragraph, t h e  ATM con t ro l  and d isp lay  
s t a t u s  l i g h t s  were changed from white t o  green. 



The o r b i t a l  assembly running l i g h t s  will be changed t o  a l l  white 
s ince  CSM clocking from t h i s  o r i en ta t ion  i s  not a requirement. 
l i g h t  w i l l  a l s o  provide better o v e r a l l  i l luminat ion.  

The white 

A requirement has been es tab l i shed  t o  t u r n  acqu i s i t i on  l i g h t s  on and 
off by using t h e  d i g i t a l  command system commanded t i m e r .  
from t h e  CSM would r equ i r e  qua l i f i ca t ion  of t h e  necessary equipment and 
w i l l  not be used. 

Direct  command 

I l luminat ion of t he  a i r lock  instrument panel w i l l  continue t o  be v i a  
f loodl ight ing ,  
weight , c o s t ,  and volume of f i x t u r e .  

This scheme has t h e  optimum combination of l i g h t i n g  l e v e l ,  

To assure  emergency egress  from t h e  o r b i t a l  assembly, an emergency 
l i g h t i n g  system powered from the  regulated bus v i a  se r i e s -pa ra l l e l  diodes 
has been proposed. 

Pyrotechnics 

Preliminary inves t iga t ions  i n d i c s t e  t h a t  redevelopment and/or requal- 
i f i c a t i o n  of some of t h e  CSM pyrotechnic devices may be required because 
of poss ib le  sublimation of t h e  RDX material. 
CSM pyrotechnics has terminated, schedule cons t ra in ts  may be encountered 

Since f ab r i ca t ion  of a l l  

+ i f  t h i s  e f f o r t  proves necessary. 

Review of t he  c i r c u i t r y  associated with CSM pyrotechnics has l ed  t o  
t h e  decis ion t o  use main bus b a t t e r i e s  as backup fo r  t h e  primary pyrotech- 
n ic  b a t t e r i e s .  

A modified landing gear uplock c u t t e r  w i l l  be used t o  r e l ease  the  LM 
radar antenna. 

GUIDANCE AND CONTROL 

Command and Service Module 

During t h e  quar te r ,  addi t iona l  s tud ie s  and laboratory tests f o r  t he  
unmanned LM rendezvous were conducted. It was  found t h a t  sextant  focus 
at shor t  range (as low as 500 f e e t )  will not i n t e r f e r e  with navigation 
s ight ings  and t h a t  LM t a r g e t  l i g h t s  i n  t h e  v i c i n i t y  of t h e  docking r i n g  
w i l l  allow v i sua l  a t t i t u d e  accuracy of approximately 10'. This accuracy 
i s  adequate f o r  v i s u a l  techniques i n  t h e  manual cont ro l  mode intended 
fo r  t h e  shor t  range con t ro l  required i n  braking maneuvers. 
r u l e s  and ana lys i s  model f o r  cur ren t  e r r o r  ana lys i s  during remote rendez- 
vous has been es tab l i shed .  The cont ro l  moment gyro desa tura t ion  study 

A ground 
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i nd ica t e s  t h a t  t h e r e  should be no f u e l  penal ty  problem with nonorthogonal 
indexing, p a r t i c u l a r l y  when the  t r a n s l a t i o n a l  p a i r  j e t  log ic  i s  used. 

The North American Rockwell Corporation completed and submitted a 
complete da t a  package on t h e i r  unmanned rendezvous and docking s tud ie s  
conducted t o  da te .  The package included a performance ana lys i s  of 
using 2-1/2 s tages  f o r  o rb i t i ng .  
t h e  t r a j e c t o r y  performance improvement which r e s u l t s  i f  an instrument- 
u n i t  update of t h e  command module computer i s  performed at S-IVB cut-off 
one-half of an o r b i t  a f t e r  completion of t h e  SPS burn. Remaining s tud ie s  
i n  t h i s  a r ea  involve: 
u n i t  update,  ( 2 )  hardware requirements t o  implement t h e  update, (3 )  pro- * 

pe l l an t  and payload savings r e s u l t i n g  from an update,  (4) adequacy of 
ex i s t ing  s t e e r i n g  equations f o r  t he  2-1/2 s tage  SPS burn, ( 5 )  command 
module computer software changes requi red ,  and ( 6 )  e f f e c t  of improved 
prelaunch alinement of the  i n e r t i a l  maneuvering u n i t  upon 2-1/2 s tage  
performance. 

The ana lys i s  was  conducted t o  determine 

(1) f e a s i b i l i t y  of implementing the  instrwnent- 

A recommendation made i n  the  package i s  t h a t  t h e  LM-A abort  guidance 
system be used as a backup t o  the  primary guidance system t o  provide an 
increase i n  system r e l i a b i l i t y .  The recommendation i s  s t i l l  under study. 

Lunar Module/Apollo Telescope Mount 

Performance ana lys i s  of t he  primary navigation guidance system and 
of t he  abort  guidance system has been completed. A preliminary d r a f t  of 
t he  P&I spec i f i ca t ions  t o  formally document basic  i n t e r f ace  requirements 
and t o  iden t i fy  r e l a t e d  individual  I C D ' s  has been submitted f o r  review. 

A PDR was  held i n  the  last  week of September. There were 15  R I D ' s  
submitted on t h e  LM/ATM guidance and cont ro l  systems. 
i n  the  areas  of per iphera l  communication backup systems, i n s t a b i l i t i e s  , 
crew procedures, and thermal pro tec t ion  for components. The R I D ' s  were 
l e f t  open as ac t ion  items. I n  the  meantime, the  contractor  i s  proceed- 
ing with f i n a l  design i n  preparat ion f o r  t h e  PCR. 

The R I D ' s  were 

Long-lead t i m e  hardware items w i l l  have no impact on t h e  program 
s ince  they have already been procured and a re  c l a s s i f i e d  as GFE. 

Workshop At t i tude  Control System 

The Workshop At t i tude  Control System Working Group Committee i s  con- 
t i nu ing  t h e i r  e f f o r t s  t o  resolve t h e  problems of adequate power supply, 
ind iv idua l  t h r u s t e r  d i sab le  capab i l i t y ,  ground command requirements, and 
cont ro l  and display panel design. 
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COMMlTNICATIONS AND INSTRUMENTATION SYSTEMS 

During t h e  t h i r d  quar te r ,  communications and instrumentation e f f o r t s  
were concentrated on completion of conceptual design. 
vous and remote-controlled docking of t he  LM/ATM with the S-IVB workshop 
MDA were base l i ned .  These concepts, t o  be r e f l e c t e d  i n  the  PDR's, are: 

Unmanned rendez- 

1. Mainline Apollo rendezvous radar  and vhf ranging systems w i l l  
be required,  with minor changes. 

2. A new vhf command l i n k  w i l l  be required between t h e  CM and the  
LM-A with a new command processor i n  the  CM. The processor w i l l  operate 
i n  conjunction with function switches,  hand con t ro l l e r s ,  and o ther  hard- 
ware t o  permit remote a t t i t u d e  and t r a n s l a t i o n  control  of t h e  unmanned 
LM-A . 

Caution and warning system design c r i t e r i a  were developed during 
the quar te r ,  and telemetry and command system parameter s e l ec t ion  c r i -  
teria are i n  the  process of being developed. 

Major problems have been a lack of technica l  manpower requested t o  
support t he  program, preempted p r i o r i t i e s  on developmental t e s t i n g ,  and 
an exceeded c a p a b i l i t y  of real-time computer complex f a c i l i t i e s  (approxi- 
mately 1200 commands have been i d e n t i f i e d  f o r  t he  MP-3/MP-b mission) .  

ENVIRONMENTAL CONTROL SYSTEM 

Airlock Module 

me s ign i f i can t  a c t i v i t y  on t h e  a i r lock  environmental. control  system 
during the  t h i r d  quarter  w a s  evaluation and recommendations f o r  p o t e n t i a l  
system changes. The recommendations made are: 

1. Addition of an oxygen accumulator subsystem t o  t h e  a i r l o c k  gas 
d i s t r i b u t i o n  system. 

2. Replacement of t h e  l i th ium hydroxide/molecular s ieve  system 
with a redundant molecular s ieve system. 

3. Incorporation of an in tegra ted  thermal control  system f o r  t he  
AAP-2 vehicle .  

A major change i n  t h e  ECS w a s  de le t ion  of the  atmosphere r e v i t a l i -  
zat ion sec t ion  (ARS)  from t h e  ECS. The ARS is not required s ince  the  



33 

LM/ATM rendezvous and dock w i l l  be unmanned. The de le t ion  w i l l  a l s o  
provide more room for t h e  crew at t h e  ATM con t ro l  and d isp lay  console. 

Command and Service Module 

The most s i g n i f i c a n t  a c t i v i t y  during t h e  qua r t e r  assoc ia ted  w i t h  t h e  
CSM ECS w a s  completion of t he  r a d i a t o r  system s tud ie s .  The use of a 
modified Block I1 ECS r a d i a t o r  system with ethylene glycol  as t h e  coolant 
f l u i d  w a s  t he  system base l i ned .  A nlajor problem of SM thermal con t ro l  
w a s  a l s o  solved during t h e  quar te r .  The so lu t ion  base l i n e d  provides 
t h a t  heat  w i l l  be added t o  t h e  SPS and RCS components by e l e c t r i c  hea te rs  
i n  combination with changes i n  in su la t ion  and coa t ings ;  these  changes 
w i l l  enable component temperatures t o  be maintained within the  spec i f i ed  
l i m i t s  . 

Lunar Module 

The bas ic  change i n  the  lunar  module w a s  removal of t h e  s u i t  c i r c u i t  
(190 packages) from the  ascent  s tage .  
cabin-free volume and l e s s  spacecraf t  weight. 

The removal w i l l  provide g rea t e r  


